Background: Physical and chemical methods of synthesizing metal nanoparticles have been on the focus for the last decade as it has been broadly exploited by researchers. Biological synthesis of metal nanoparticles was found to be easy and economical. The wide applications of titanium dioxide in various fields have drawn attention for biosynthesis of titanium dioxide nanoparticles. Cowpea seeds are easily available and rich in protein as well as high in antioxidant which enhances the good characteristics of the nanoparticles synthesized using it. Methods: In the present investigation the nanoparticles are synthesized using Vigna unguiculata (cowpea) seeds extract. 0.1 mM titanium dioxide was mixed with cowpea seeds extract for the preparation of the nanoparticles. The characterization of nanoparticles was done by Fourier Transform Infrared Spectroscopy (FTIR) and Scanning Electron Microscopy (SEM). Antibacterial activity of the titanium dioxide nanoparticles was checked against clinical pathogens followed by antioxidant study and cytotoxicity assay by 2, 2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) assay and [3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide] (MTT) assay respectively. Results: The oval shaped biologically synthesized nanoparticles were effective against most of the clinical pathogens. The observance of peak at 418 cm -1 confirms the synthesis of titanium dioxide nanoparticles. The titanium nanoparticles were highly antioxidant in nature and cytotoxic on MG63 osteosarcoma cell lines. Conclusion: The biological method of preparation of nanoparticles proved to be easy and cost effective. The nanoparticles synthesized can be further used in research for anticancer treatments.
INTRODUCTION
Biological synthesis of nanoparticles has introduced a new approach in the field of nanotechnology 1 . Green synthesis of metal nanoparticles from plant extracts is found to be more effective than physical or chemical techniques. Silver and gold nanoparticles synthesized using plant extracts have shown inhibitory effect against a range of pathogenic microorganisms 2 . Gold and silver nanoparticles from Aloe vera plant extracts are utilized in many fields. Neem leaves broth is used in preparation of gold and silver nanoparticles. The broth is effective due to the presence of flavonone and terpenoids 3 . Seed extract of Capsicum sp, commonly known as chili, are used for biosynthesis of silver nanoparticles. The particles proved to have antibacterial activity and were also highly antioxidant 4 . Apart from plants, microorganisms are also used in preparation of nanoparticles. Biosynthesis of silver nanoparticles from fungus has attracted attention of many researchers 5 . Biosynthesis using plant extracts are expanding in the field of research very widely. A genus of legumes, Vigna, is known for its high antioxidant characteristics. Vigna radiata, commonly known as green gram has been previously used in synthesis for lanthanum nanoparticles 6 . . The flexibility in usage of titanium dioxide attracts the attention for biosynthesis of titanium dioxide nanoparticles. The applications of titanium dioxide range from adding the white color to toothpaste and opaqueness of paint to production of ceramic tiles. Titanium dioxide nanoparticles are used in pharmaceuticals applications as well. Lowest levels of titanium are used in various cosmetic products 14 . The wide usage of titanium in cosmetics and pharmaceuticals can be a reason for the necessity for advanced methods of synthesizing titanium dioxide nanoparticles. Titanium dioxide nanoparticles are capable of absorbing UV rays and so they are used in preparation of sunscreens. The physicochemical properties of titanium dioxide nanoparticles, especially their high refractive indices are the reason of the nanoparticles being used for this purpose 15 . The present study deals with the biosynthesis of titanium dioxide nanoparticles using cowpea seeds extracts followed by its characterization and evaluating the effect of the nanoparticles against clinical pathogens. The antioxidant and cytotoxic characters of the nanoparticles were also tested.
MATERIALS AND METHODS

Collection of Vigna unguiculata Seeds
The leguminous seeds of Vigna unguiculata (cowpea) were purchased from a market in Vellore, Tamil Nadu.
Chemicals used
All chemicals, including titanium dioxide were purchased from Sigma Aldrich.
Collection of Bacterial Pathogens
Twelve clinical pathogens were collected from Microbial Biotechnology Laboratory, VIT University, Vellore. The pathogens included Escherichia coli, Staphylococcus aureus, Serratia marcecens, Salmonella sp., Pseudomonas aeruginosa, Klebsiella pneumoniae, Enterobacter sp., Proteus mirabilis and Shigella sp. All the pathogens were used for testing the antimicrobial activity of the titanium oxide nanoparticles synthesized using Vigna unguiculata seed extracts.
Preparation of Vigna unguiculata (cowpea) Seeds Extract
The seeds were collected, washed accurately and dried at room temperature. After drying thoroughly, the seeds were finely powdered and boiled in 100 ml of distilled water. The extract was then filtered and stored for further use 16 .
Biosynthesis of Titanium Dioxide Nanoparticles using
Cowpea seeds extract 0.1 mM of Titanium dioxide was freshly prepared and stirred for 2 h. 20 ml cowpea seeds extract was mixed with 80 ml of titanium oxide solution. The mixed solution was then incubated at room temperature at rotary shaker for 24 h 17 . After the incubation, the solution was filtered, collected and calcined. The dried particles were then powdered using a mortar and pestle.
Characterization of Titanium Dioxide nanoparticles
Powdered samples of the nanoparticles were analyzed for Scanning Electron Microscopy (SEM) and Fourier transform infrared spectroscopy (FTIR) 18 . The shape of the biosynthesized nanoparticles was determined by scanning electron microscopy analysis. The functional groups present in the nanoparticles were analyzed by Fourier transform infrared spectroscopy. Antibacterial Activity of the Titanium Dioxide Nanoparticles The antimicrobial activity of the synthesized titanium dioxide nanoparticle was examined against various clinical pathogens. Well diffusion technique was followed for the experiment. Mueller Hinton agar plates were prepared and swabbed with each strain of pathogens. Wells were prepared on the agar followed by addition of 50 µl, 75 µl and 100 µl of nanoparticles. The plates were incubated overnight and observed for zone of inhibition 18 . Antioxidant Activity by DPPH Assay 2, 2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) assay was followed to check the antioxidant nature of the biologically synthesized titanium dioxide nanoparticles using cowpea seeds. Ascorbic acid was considered as standard and the stock solution was prepared using methanol. 100 µl of each titanium dioxide nanoparticles and DPPH reagent were added to 2.8 ml of acetate buffer simultaneously and incubated at dark conditions for 15-20 min. After incubation, the colour change was observed and absorbance was measured at 517 nm 19 . The percentage inhibition was calculated by the formula: Percent inhibition of DPPH activity =
Cytotoxicity Assay against Osteosarcoma Cell Lines
The cytotoxic property of the synthesized nanoparticles was checked against MG 63 (osteocarcoma cell lines) by [3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide] (MTT) assay 20 . The cell lines obtained from National Centre for Cell Science, Pune were grown in Eagles Minimum Essential Medium containing 10% FBS. Optimum parameters to maintain the cells were 37°C, 5% CO2, 95% air and 100% humidity. The cells were diluted with medium containing 5% FBS until the density reaches 1X10 5 cells/ml. 100 µl cell suspension was added to each well of a 96 well plate at a plating density of 10000 cells/well. The cells were incubated at optimum parameters mentioned above. 24 hours later, the cells were treated with serial concentrations of the test samples. Dimethyl sulfoxide (DMSO) was used for initial dissolving of sample and the nanoparticles were dispersed in PBS. After addition of sample, plates were further incubated for 48 hours. Control was maintained with medium without test samples. 15µl of MTT in PBS was added in each well and kept for incubation at 37°C for 4 hours. The medium with MTT was removed and formed formazan crystals were solubilized in 100µl of DMSO. The absorbance was measured at 570 nm. Percentage of Cell Viability = (A/A0) X 100 Where, A = Absorbance of sample A0 = Absorbance of control Nonlinear regression graph was plotted between percentage of Cell inhibition and Log concentration and IC50 was determined using GraphPad Prism software. Pseudomonas aeruginosa 3 3.5 -
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RESULTS AND DISCUSSION
Biosynthesis of Titanium Dioxide Nanoparticles
The titanium dioxide nanoparticles was dried and obtained in powdered form.
Characterization of the Titanium Dioxide Nanoparticles Fourier Transform Infrared Spectroscopy
The FTIR graph depicts the presence of N-H stretch, C-H stretch, N-H bend, C-N stretch in the synthesized nanosized particles. The existence of these stretches determines the primary amines and alkanes functional groups of the particles. The peaks observed at 418 cm -1 can confirm the synthesis of titanium dioxide nanoparticles. Few similar peaks have also been recorded by Hema et al. in a study with titanium nanoparticles 21 .
Scanning Electron Microscopy
The titanium nanoparticle was observed under scanning electron microscope. The nanoparticles were distinctly observed as oval shaped particles. Most of the particles observed were smooth surface with properly detectable edges. Smooth surface titanium dioxide nanoparticles have also been reported in previous studies 22 .
Antibacterial Activity of the Titanium Dioxide Nanoparticles
The titanium dioxide nanoparticles inhibited the growth of E. coli, Salmonella, Enterobacter, Pseudomonas aeruginosa and Serratia marcescens. The zone of inhibition was measured for each of the pathogens and recorded. Titanium dioxide nanoparticles are strongly effective against pathogens and hence they are often utilized as sterilization agents. The capability of the titanium dioxide nanoparticles to inhibit bacterial growth has been listed in Table I .
Antioxidant Activity by DPPH Assay
The slight change in colour after the incubation time in DPPH assay indicated the synthesized nanoparticle to be antioxidant in nature. The titanium dioxide nanoparticles were observed to have highly antioxidant which reveals their capacity of donate electrons and hence react with free radicals further converting them to form more stable products. The antioxidant nature increased with the increase in concentration of titanium nanoparticles. This suggests that the titanium nanoparticles synthesized from cowpea seeds can act against disease causing free radicals 23 . The titanium dioxide nanoparticles from the cowpea seeds were found to show cytotoxic activity against the Mg 63 osteosarcoma cell lines. At IC50 value of 200 µg/ml, the osteosarcoma cells proliferation was inhibited at a significant rate. The synthesized nanoparticles can be further incorporated in studies for anticancer drugs. In previous studies titanium dioxide nanoparticles proved to be cytotoxic on Rat Embryo Fibroblast (REF 3) cell lines 24 .
Cytotoxicity Assay against Osteosarcoma Cell lines
The cytotoxicity result as shown in Figure 3 (a and b) indicates the possibility of the biologically synthesized titanium dioxide nanoparticles can be utilized for inhibition of proliferating cancer cells. Figure 4 shows the percentage of cell viability with increasing concentration of biologically synthesized titanium dioxide nanoparticles using cowpea seeds.
CONCLUSION
The immense applications of titanium dioxide drives for the idea of neccessity and applications of titanium dioxide nanoparticles in various fields. Titanium dioxide nanoparticles were synthesized using Vigna unguiculata (cowpea) seeds by simple biological method. Biological method proved to be superior than physical and chemical processes of synthesizing nanoparticles because of its easy procedures,cost effectiveness and less consumption of time. The nanoparticles showed high antibacterial activity against clinical pathogenic bacteria and confirms to have potential antioxidant characteristics. Antioxidant nature of the titanium dioxide nanoparticles is enhanced by the usage of the cowpea seeds extract since the leguminous seeds are highly antioxidant in nature. The cytotoxity assay concluded that the particles were able to inhibit the proliferation of Mg 63 cell lines. This hints a scope for future use of titanium dioxide nanoparticles in research for anticancer treatments.
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